ABSTRACT
There are often processes involving the manipulation and analysis of biological data that we would wish to automate due to their frequent and essentially repetitive invocation. This is particularly the case when the structure of such data adheres to standardised specifications that are supported by software tooling (Brazma et al., 2006; Strömbäck et al., 2007) . This is true in the case of the Systems Biology Mark up Language (SBML) which may be used to represent a biological system as a network of reactions (Hucka et al., 2003) . Software libraries such as libSBML have been developed to read, write, manipulate and validate SBML files and data streams. libSBML (http://sbml.org/software/libsbml/) has been implemented in C and C++ but is also provided with language bindings in, for example, Python, Matlab and Java.
Workflow software such as Taverna may be used for automating processes that are applied to data in the life sciences (Oinn et al., 2004 (Oinn et al., , 2006 (Oinn et al., , 2007 , and systems biology represents a prime candidate for such automation via loosely coupled workflows (Kell, * To whom correspondence should be addressed. 2006a, 2006b, 2007) . Workflows in Taverna consist of a predefined series of tasks which are performed by processors. A number of processors are available for accessing data and applications with different invocation mechanisms including Web Services (http://www.w3.org/2002/ws/). Taverna consists of a number of modules such as the workflow enactor engine and workbench that together allow one to construct and execute scientific workflows (Hull et al., 2006) . This application note reports on how Taverna can be utilized for writing and enacting workflows involving the manipulation of SBML data by making direct use of the classes and functions in the libSBML programming library.
Taverna has been extended with a processor that is capable of invoking methods within Java classes. The set of methods for use in workflows is configured using a Doclet (http://java.sun.com/j2se/1.4.2/docs/tooldocs/javadoc/overview.ht ml) program called the API consumer which has been developed in order to select those classes and methods for use during the construction of a workflow. It is used to generate an XML API definition file defining subsets of Java APIs as selected by the user using its GUI which may then be imported into the Taverna workbench and used as tasks within workflows. The API consumer can be used to generate an XML file which exposes the use of all classes and methods in the Java binding of libSBML for use as tasks in Taverna workflows. The result of this is that Taverna is enabled to work with SBML models as part of Taverna workflows to achieve some pre-defined goal(s). We illustrate this approach in what follows with a specific example.
A common and useful means of visualising transcriptome data is to map them onto pathway diagrams (Chung et al., 2004; Dahlquist et al., 2002) . This can be performed as an automated pipeline using a Taverna workflow with SBML-compliant tools so that, for example, diagrams of metabolic pathways can be rendered with microarray data such that the nodes corresponding to proteins are coloured according to the expression levels of the genes that encode them. The microarray data may be stored in a database from which they may be retrieved as part of the Taverna workflow. Such a workflow is shown in the supplementary information involving the automated editing of a SBML model of the glycolysis pathway to incorporate gene expression data from the Maxd database (Hancock et al., 2005) onto layout information embedded within SBML, which can then be visualised with Cell Designer (Funahashi et al., 2003) . The workflow contains API consumer processors which use methods from libSBML for parsing the names of proteins in the SBML file as well as generating a new SBML file incorporating the mapped gene expression data. Beanshell processors (http://www.beanshell.org) can be used to provide application logic for further processing of the data in the SBML model. Beanshell processors were used to determine how entities in the microarray data matched with those in the SBML model; this was done using information on how genes in the microarray data identified by their Affymetrix probe set identifiers mapped onto enzyme modifier species which were labeled using yeast gene names in the SBML model.
Through the use of the API consumer, Taverna can make direct use of the functionality residing within Java classes and methods as workflow tasks. This is accomplished without the need for deploying the services in the API as Web Services. This may be more suitable since the underlying services may perform trivial tasks, making the overhead of invocation through a Web Services interface impractical. Whilst we have shown the use of the API consumer in systems biology, it is a generic tool in that it can be used with other Java APIs such as the Chemistry Development Kit (Steinbeck et al., 2003) , enabling Taverna to be tailored to different scientific domains. This generic nature of the API consumer means that Taverna can work with SBML using new releases of libSBML as and when they become available, with no extra coding being required to make use of new releases of libSBML in Taverna. This said, the use of APIs can make workflows more difficult to compose as the functions are more fine-grained than are operations in Web Services, requiring expert knowledge of using the API and Taverna. Whilst this results in more complex workflows, the complexity can be hidden from users within Taverna using nested workflows. Also, once such workflows have been written, there is the great benefit that they may be saved and shared for use within the systems biology community.
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